Guided by the Model of Domain Learning (MDL), the study was designed to explore the extent of interrelations among prior knowledge, learning strategies, interests, physical engagement, and learning outcomes in a sixth-grade (N = 91) volleyball unit. Pearson product-moment correlations and a path analysis were conducted for the research purpose. The results showed that studentsʼ prior knowledge, learning strategies, and interests were interrelated. Physical engagement and learning outcomes were directly infl uenced by the interactions among prior knowledge, interests, and learning strategies. The fi ndings in the study indicate that learning in physical education is domain-specifi c and a progressive process that encompasses both cognitive and affective components.
and skills learners possess prior to learning, the more new knowledge and skills they are likely to acquire.
The infl uence of prior knowledge on learning may be refl ected in learnersʼ application of learning strategies during the learning process. Learning strategies can be defi ned as mental operations that learners use to solve problems or to enhance achievement (Alexander & Murphy, 1999) . In physical education, learners are expected to be able to determine "which, if any, learning strategies they will employ during practice of movement activities" (Lee, 1997, p. 272) . Researchers have shown that learning strategies can improve knowledge and motor skill acquisition (Lee, Landin, & Carter, 1992) .
Choosing and applying appropriate learning strategies require the learner to be an active agent in learning. Learners must be motivated in order to be able to actively search, evaluate, and eventually adopt effective learning strategies (Pintrich, Marx, & Boyle, 1993) . Motivation in this context serves as a primary force that leads the learner to develop useful learning strategies to achieve the learning goal. Among several motivation sources, interest has become one that draws increasing attention among educational researchers, because of its positive implications for curriculum and instruction (Chen & Ennis, 2004) .
Interest-based motivation theory suggests that interest arises as individuals interact with the environment (Hidi, 2000) . It is a psychological state that involves focused attention, increased cognitive functioning, persistence, and affective involvement. Researchers have identifi ed two types of interest: individual interest and situational interest. Individual interest is defi ned as an individualʼs relatively enduring predisposition of preference to certain objects, events, and activities (Renninger, 2000) . Situational interest, on the other hand, is the momentary appealing effect of an activity on an individual in a particular context and at a particular moment (Hidi, 2000) . Researchers in education (Hidi, 2000) and physical education (Chen & Darst, 2001 ) have shown that interests can attract learners to particular learning tasks, increase engagement time on a task, improve information storage, and enhance achievement.
From an integrated perspective, Alexander, Jetton, and Kulikowich (1995) proposed the Model of Domain Learning (MDL) to delineate and explain the multidimensional interplay of prior knowledge, interests, and learning strategies during learning in a specifi c content domain. It is postulated that the effect of interrelationships among prior knowledge, interests, and learning strategies should be conceptualized in specifi c subject domains in order for educators to effi ciently help learners succeed in learning meaningful knowledge and skills.
The MDL recognizes that learning is a progressive process that encompasses both cognitive and affective components (Alexander et al., 1995) . Specifi cally, it is presumed that success in learning depends on the interactive effects of prior knowledge, interests, and learning strategies accrued during each of the acclimation, competency, and profi ciency learning stages. At the acclimation stage, learners may have limited prior knowledge and rarely have a strong individual interest in the knowledge domain. Situational interest, then, functions as the primary motivator to attract learners to learning and bring out their continuous effort. At the competency stage, learners are beginning to master knowledge. Situational interest may be internalized as individual interest. Learning strategies are used more frequently than before to help construct and reconstruct knowledge and skill. At
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The multidimensional, multistage MDL has been studied in classroom-based learning (Alexander et al., 1995; Alexander & Murphy, 1999) . The fi ndings support the claim that the integration of the cognitive process with motivation is a dominant predictor of learning achievement. However, the MDL and its function in K-12 physical education have not been investigated. Few studies have been conducted in physical education to explore the interactions among prior knowledge, learning strategies, and interest-based motivation, although prior knowledge, learning strategies, and interest-based motivation have been studied separately in research (Chen & Darst, 2001; Lee & Solmon, 1992) . To address the dearth of research in this area, the current study was conducted.
Using the MDL as the theoretical framework, this study was designed to examine the interrelated roles of knowledge, interests, and learning strategies on learning in a middle school volleyball unit. It is assumed that physical education is an institutionalized subject-matter domain. The most important subject-matter knowledge that learners need to acquire includes information about human movement patterns, skills, and skill themes (Allison, Pissanos, Turner, & Law, 2000) and health-related knowledge of physical activity (Corbin & Lindsey, 1997) . The content should be sequenced for K-12 learners for them to understand and appreciate complex functions and benefi ts of specifi c movement forms such as dance, team and individual sports, and fi tness activities (National Association of Sport and Physical Education [NASPE], 2004) . Also, physical education is a discipline with unique content specifi city. Not only are learners expected to acquire knowledge and skills, but also to learn in a physically active manner (Arnold, 1979) . In a learning-oriented curriculum where the goals and learning objectives are clearly defi ned, the physical activities have clear learning purposes. Studentsʼ physical engagement is for facilitating their learning. It is recommended that the physical engagement level in class should be taken into consideration when we examine the learning process in physical education.
The study was designed to address the following specifi c questions: a) What were the interrelations among knowledge, learning strategies, interests, physical engagement, and learning outcomes for middle school students in a volleyball unit? and b) Guided by the MDL, to what extent could the learning process be modeled in terms of the interrelations among knowledge, learning strategies, and interests?
In this study, learning outcomes were operationalized as the degree to which learnersʼ knowledge, skill, and individual interest changed as a result of learning. Because there were only fi ve class times in this specifi c volleyball unit, we speculated that the learners did not have enough time to practice volleyball skills to an extent that improvement could be assessed with valid and reliable skill tests (Tritschler, 2000) . In this study, studentsʼ skill improvement was not measured. This limitation should be addressed in future studies.
A hypothesized model, as described in Figure 1 , has been developed to present hypothesized relationships. In the model, prior knowledge was hypothesized to be positively associated with prior individual interest. It was also hypothesized that the interactions of prior knowledge and individual interest with situational interest would infl uence learnersʼ application of learning strategies. Situational interest, which is often stimulated by environmental factors, was hypothesized to contribute to the development of individual interest. The interactions among prior knowledge, prior individual interest, situational interest, and learning strategies were hypothesized to infl uence knowledge gain and individual interest change. In addition, prior individual interest, situational interest, and their interactions might infl uence physical engagement level, which, in turn, might be associated with the individual interest change.
Methods

Participants and Setting
The study was conducted in one middle school chosen from a pool of typical suburban middle schools in the metropolitan Washington-Baltimore area. Besides student demographic representativeness, two criteria were used to establish the pool of schools: a) the physical education curriculum should be in line with both national and state standards, and b) physical education teachers used measurable means to assess studentsʼ skill and knowledge outcomes in each unit.
There were 804 students from sixth grade to eighth grade in the school. Students in this school came from low to middle class backgrounds, with 23% receiving assisted meal benefi ts. The student body consisted of 70.6% Caucasian, 22.4% African-American, 3.5% Hispanic-American, and 3.5% Asian-American.
The participants in this study were sixth-grade students (N = 91). They were chosen to alleviate possible confounding between prior knowledge and graderelated learning content. As fi rst-year middle school students, the participants were experiencing a physical education curriculum that was different from what they had in elementary school. In addition, sixth-grade students have acquired an initial understanding of the value of using learning strategies and are capable of expressing their thinking clearly (Paris & Lindauer, 1982) . They begin to actively use strategies to guide their learning behavior.
Because of incomplete data, 11 participants were eliminated from the fi nal data analyses. The fi nal sample consisted of 80 students (43 boys, 37 girls). There were 60 (75%) Caucasians, 12 (15%) African-Americans, 4 (5%) Asian-Americans, and 4 (5%) Hispanic-Americans. Parental consent forms and student assent forms were received prior to data collection.
A 90-minute rotating block schedule was used in this school. There were four periods in a school day. The fi rst period was designated for classroom learning. Physical education was scheduled in the subsequent three periods. According to the schoolʼs A-day, B-day, or C-day schedule, students had a physical education class in every third day throughout the school year.
One female and two male full-time certifi ed physical education teachers taught physical education in this school. Their teaching experiences ranged from 5 to 25 years. They were all active American Alliance for Health, Physical Education, Recreation, and Dance (AAHPERD) members. The school was a state physical education demonstration school with a reputation for providing quality programs consistent with national and state standards.
Volleyball was chosen as the content for the study because of its popularity in the middle school physical education curriculum in this area, according to the countyʼs physical education curriculum guide. The study of volleyball is likely to have a profound implication for teaching and learning in middle school physical education. The volleyball unit was team-taught, with the female teacher as the lead teacher. She had been teaching middle school physical education for 25 years and was a recipient of the Teacher of the Year Award from NASPE. The unit was taught as a new content, with the emphasis on basic skills (e.g., forearm pass, overhand pass, and underhand serve), rules, and terminology (e.g., side out, scoring, game/ match, position rotation, front-court restrictions). The concepts and skills were learned through skill practices in groups and modifi ed (simplifi ed) games. The teachers used the direct and problem-solving methods. Concept-based information, such as skill cues, was frequently emphasized during teaching.
Variables and Measures
Knowledge Measure. Studentsʼ knowledge in volleyball was assessed using a 14-item multiple-choice test designed for the current study. All items on this test represented content chosen from the countyʼs physical education curriculum guide for sixth graders. The purpose of this test was to gauge studentsʼ cognitive understanding of volleyball.
In order to examine the content validity of the knowledge test, fi ve experienced physical education teachers (with 10 to 25 yearsʼ experience teaching volleyball) were asked to rate each question in terms of its content accuracy and diffi culty appropriateness for sixth-grade learners (1 = very inaccurate/inappropriate, 6 = very accurate/appropriate). Based on the rating, all items scored above 4.5 in average, suggesting that the test has an acceptable content validity. The internal consistency coeffi cient (Cronbachʼs α) for the measure at pretest was .66. We considered this to be an acceptable level of reliability, given the relatively low variability of scores (M = 6.32, SD = 1.59).
Individual Interest. Individual interest in volleyball was measured using the Physical Activity Interest Survey (Chen & Darst, 2002) . The instrument asks learners to rate their interest in various physical activities on a 7-point Likert-type scale (7 = highest interest, 1 = lowest interest). To avoid self-referencing in rating, the instrument asks the respondent to identify an activity (any activity in school or at home) he or she is most interested in and give a rating score of 7. Then the respondent is instructed to use the activity as a reference to compare and rate other activities. According to Tobias (1994) , this measurement context may prevent individual respondents from interpreting the rating scale inconsistently; thus, the internal validity of the measure can be better maintained. The survey in this study included 18 physical activities offered in the physical education curriculum.
Situational Interest. Situational interest was measured using a 24-item Situational Interest Scale (Chen, Darst, & Pangrazi, 1999) . Items representing situational interest and its source dimensions (Novelty, Challenge, Attention Demand, Exploration Intention, and Instant Enjoyment) are rated on a 5-point scale (5 = strongly agree, 1 = strongly disagree) in terms of specifi c learning tasks the learner is experiencing.
The construct validity of Situational Interest Scale has been reported in Chen et al.ʼs (1999) Learning Strategies. Learning strategies were measured using the Cognitive Process Questionnaire in Physical Education (CPQPE) (Solmon & Lee, 1997) . In this questionnaire, learnersʼ confi dence-effi cacy, attention-concentration, willingness to engage, and use of learning strategies are measured using 32 items. Each item asks learners to identify themselves with a described learning behavior and to rate it on a 5-point scale with 1 meaning "not like me at all" and 5 meaning "very much like me." Solmon and Lee (1997) reported internal consistency coeffi cients (Cronbachʼs α) of .75, .79, .72, and .66 for confi dence-effi cacy, attention-concentration, willingness to engage, and strategies subscales, respectively. For this study, the measures of cognitive process dimensions other than learning strategy were of little relevance. Only the learning strategy subscale was used to represent the learnersʼ strategy application during learning.
Physical Engagement. In-class physical engagement level was measured using Yamax SW-200 Digi-Walker pedometers (Tokyo, Japan) that recorded total steps taken during a lesson. Under the fi xed length of class time, the number of steps would refl ect studentsʼ physical engagement level in the class (Shen, Chen, Scrabis, & Tolley, 2003) . The validity of the Digi-Walker has been demonstrated in clinical research (Bassett et al., 1996) and fi eld-based research (Chen & Shen, 2004) . In addition, in order to maintain the accuracy of the measure, all Digi-Walker pedometers were checked using a walking test and a manual shake test (Vincent & Sidman, 2003) prior to data collection.
Learning Outcomes. The residual gain scores in knowledge and individual interest for each student were used to represent the learnerʼs knowledge gain and individual interest change in order to avoid the infl uence of pretest on the result (ceiling effect). The residual gain scores were computed using a linear regression model in which the pretest was the predictor and the posttest was the criterion.
Data Collection
The researchers and trained graduate students collected all the data during regular physical education classes. During the process, the researchers were responsible for distributing and collecting the survey instruments, answering questions, and collecting pedometer data. The teachers taught the classes as they normally did and assisted in managing studentsʼ seating during the data collection process.
The pre-individual interest survey and knowledge test were administered at the beginning of a lesson before the volleyball unit began. During the lesson, students were also trained on how to use the pedometers correctly. Situational interest, learning strategy, and pedometer data were collected in three instruction lessons (as opposed to skill application or game lessons) that focused on understanding of concepts and development of basic skills. Before each lesson began, students put on and secured the pedometers to their waist bands and reset the step reading to zero. Immediately after the lesson, they removed the pedometers, recorded the number of steps on a recording sheet, and completed the Situational Interest Scale and Cognitive Processes Questionnaire. The researchers verifi ed the recorded number of steps with the display on the pedometers while monitoring students who were independently completing the questionnaires. In the last lesson of the unit, the post-individual interest survey and the knowledge test were administered.
Data Analysis
In the preliminary analysis, all data were subject to accuracy screening, descriptive analyses, and a series of statistical assumption tests. Reliability of the questionnaire data was examined using Cronbachʼs approach for internal consistency. The scores of situational interest and learning strategies from the three lessons were aggregated and averaged for subsequent analyses.
Pearson product-moment correlations were conducted to address the research question of general interrelations among knowledge, interests, learning strategies, physical engagement, and learning outcomes. Further, the strength of the interrelations observed in the data was used to warrant testing of the MDL model. To address the research question of testing the MDL model, a path analysis was conducted to map out the meaningfulness of the interrelations among the variables.
Results
The reliability of the questionnaire data was examined using Cronbachʼs approach. The internal consistency coeffi cients (Cronbachʼs α) were .73 for the learning strategy data and .87 for the situational interest data, indicating acceptable reliability for these measures. The descriptive statistics for each measure are reported in Table 1 . All scores were normally distributed (skewness indices ranging between -.787 and .768).
Correlation Analysis
Results of the correlation analyses were reported in Table 2 . In concert with the predictions of the MDL, a weak but signifi cant correlation was found between knowledge and individual interest in pretest (r = .32, p < .05). Also, negative correlations were found between prior knowledge and knowledge gain (r = -.43, p < .01) and between prior individual interest and individual interest change (r = -.26, p < .05). There was a moderate correlation between learnersʼ knowledge gain and individual interest change (r = .39, p < .01). Prior individual interest was correlated with situational interest (r = .30, p < .05). However, prior knowledge was not correlated with either situational interest or learning strategy. A moderate correlation was found between learning strategy and situational interest (r = .49, p < .01). There was a moderate correlation (r = .48, p < .01) between situational interest and steps taken in the class. But neither situational interest nor learning strategy was associated with knowledge gain.
Path Analysis
The path model analysis was conducted to address the extent to which learning in volleyball could be modeled in relation to prior knowledge, learning strategies, and interests. Path analysis was selected because it is the most direct modeling approach with an omnibus algorithm (Loehlin, 1998) , and can address the hypothesized relations among variables at different points in learnersʼ academic development. Also, in studies with a relatively small sample size, such as that in this study, path analysis is a good choice for effective data analysis. Given the concern about the infl uence of small sample size on result estimates, we elected to use several conservative model-data-fi t values to diminish the bias in the analysis (Hu & Bentler, 1999) . They include the ratio of χ 2 to the degree of freedom (χ 2 /df ≤1.96) to evaluate the overall fi t of the model and the infl uences of the individual pathways, the Comparative Fit Index (CFI > .95) to evaluate the modelʼs absolute or parsimonious fi t relative to the null or hypothetical model, the Standardized Root Mean Squared Residual (SRMR < .10) to evaluate the model data fi t by estimating the overall discrepancy between observed and model-implied covariances, and the Root Mean Square Error of Approximation (RMSEA < .10) to estimate the difference between the hypothesized covariance matrix and actual sample covariance matrix.
We conducted a path analysis based on the rationale of the "model generating" (MG) (Jöreskog, 1993, p. 295 ) approach rather than an alternative modeling (AM) approach because there are no other similar models parallel to or competing with the MDL that incorporate interests, domain-specifi c knowledge, and learning strategies together for empirical examination in physical education. Specifi cally, a two-step procedure, model construction and model modifi cation, was followed in this study. In the analysis, a tentative initial model based on theoretical articulation was constructed fi rst. If the model did not fi t the data, the model should be modifi ed and tested again using the same data in terms of the model adjustment information derived from the model algorithm, such as the Lagrange multiplier (LM) test and Waldʼs test (Kline, 1998) . The goal of the test was to fi nd a model that "not only fi ts the data well from a statistical point of view but also has the property that every parameter of the model can be given a substantively meaningful interpretation" (Jöreskog, 1993, p. 295) .
It is worthwhile to notice that the initial theoretical model depicted in Figure 1 had not been proposed and tested in a physical education setting. Therefore it was highly tentative and hypothetical. The purpose of using path analysis was to examine this particular model. This analysis environment and the relatively small sample size should be taken into account when we attempt to make further inferences.
The fi rst path analysis was based exclusively on the hypothetical model of MDL. In this hypothesized model (see Figure 1) , single-headed arrows with solid lines represent direct effects and double-headed arrows represent covarying relationships between the variables, indicating a possible mutual and interactive infl uence between the variables. The initial analysis showed that the hypothesized model was almost saturated with perfect goodness-of-fi t indices (χ 2 = .00; CFI = 1.00) and few degrees of freedom, indicating that the model should be modifi ed (Jöreskog & Sörbom, 1993) .
From this invalid model, however, it appears that pre-individual interest and knowledge contributed highly to interest change and knowledge gain, while situational interest seemed to have an important role in determining learning strategy and individual interest change. The information from this initial analysis made it necessary to modify the hypothetical model to better explain the relationships among variables.
Based on theoretical meaningfulness and the results of the Lagrange multiplier test and Waldʼs test (Kline, 1998) , adjustments were made to re-specify the model.
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Consistent with the statement that simple behavioral indicators may not refl ect the complexity of the learning profi le during the learning process (Alexander, 1997) , the pathways from prior knowledge, individual interest, and learning strategies to steps were excluded. Figure 2 presents a modifi ed model with a good fi t to the data (χ 2 /df = 1.68; CFI = .96; SRMR = .06; RMSEA = .08). To examine the statistical signifi cance of each individual path in order to estimate the meaningfulness of the path between two variables, the z statistic was used because of its robustness for multivariate normal data (Bollen, 1987) . A z statistic is obtained by using the unstandardized path coeffi cient divided by its standard error. Thus, at an alpha level of .05, the z would need to be greater than ±1.96 so that the magnitude of the path coeffi cient can be considered to differ from zero with statistical signifi cance. In other words, a z ≥ [2] indicates that an individual path is meaningful in interpreting the particular directional relationship between the two variables.
In terms of z statistics, it was found that learning strategies and steps were mainly accounted for by situational interest. Besides the infl uence from preindividual interest, learnersʼ individual interest change was also infl uenced by situational interest. However, pre-knowledge did not contribute to learning strategies and the infl uence of learning strategies on knowledge gain was weak (r = .02, z = .21).
We further adjusted the model to examine the relationship between steps and individual interest change and knowledge gain. We assumed that learnersʼ high active participation in learning activities would lead to high knowledge and interest acquisition. However, a fi t model (χ 2 /df = 1.66; CFI = .95; SRMR = .07; RMSEA = .09), shown in Figure 3 , confi rmed the result from the correlational analysis that steps did not have directionally signifi cant pathways leading to knowledge and interest acquisition, indicating that physical engagement level in class did not contribute to studentsʼ knowledge and individual interest achievement.
Discussion
The purpose of the study was to explore the interrelations among prior knowledge, learning strategies, interests, physical engagement, and learning outcomes in middle school physical education. The MDL (Alexander et al., 1995) was used as the theoretical framework to guide this research. The framework postulates that learning in a specifi c knowledge domain is a dynamic and interactive process infl uenced by prior knowledge, interests, and learning strategies. In this preliminary study, physical education learnersʼ interests, knowledge, and learning strategies were measured and the interrelations among them were analyzed in an attempt to support the MDL.
Function of Prior Knowledge and Individual Interest
Although the MDL, an overarching theoretical model for human learning, describes learning as a progressive process from acclimation to competence to profi ciency, it is reasonable to assume that K-12 learners have not achieved at the profi ciency level in any subject matter domains that are being taught to them (Alexander, 1997) . A similar assumption can be made for the learners in this study, where the participants could be considered to be at either acclimation or early competence levels in learning volleyball. This assumption was supported by the prior knowledge test scores. The mean score of 6.32 out of 14 refl ects their limited prior knowledge of volleyball.
According to the MDL, individual interest can directly infl uence the learning process. The function of individual interest in learning can be manifested in the application of learning strategies and cognizance of situational interest (Alexander et al., 1995) . Individual interest often guides the application of learning strategies (Alao & Guthrie, 1999) . The signifi cant path coeffi cient from individual interest to learning strategies suggests that learners who were interested in the content were more likely to use learning strategies to understand the concepts than those who were not interested in the content. Their cognitive involvement during learning was effortful as the result of high individual interest (Alexander et al., 1995) .
In physical education, learners with high individual interest in an activity may be more cognizant about situational interest and its effect than those with low individual interest (Chen & Darst, 2002) . They often view the activity as more interesting and attractive. The correlation analysis revealed a weak but signifi cant correlation between prior individual interest and situational interest. Further, the results from the path analysis indicate that the learnersʼ individual interest was interactive with the motivational effect of situational interest. The evidence may suggest that the learnersʼ high individual interest helps enhance the motivation effect of situational interest associated with learning tasks.
It is suggested that rich prior knowledge may lead to successful use of learning strategies (Alexander et al., 1995) . A strong relationship between individualsʼ prior knowledge and successful use of strategies has been observed in academic learning (Murphy & Alexander, 2002) and physical education . However, this relationship is not evident in this study. Based on the path analysis, the direct infl uence of prior knowledge on the application of learning strategies was not found. The result indicates that the infl uence of prior knowledge on the application of learning strategies was indirect in this learning environment. The function of prior knowledge on learning strategies might need the individual interest as a mediator to transfer.
Learning in a specifi c domain should result in the enhancement of knowledge and individual interest (Alexander et al., 1995) . In physical education, learning should yield valued learning outcomes (Ennis, 1998) . During learning, prior knowledge can serve as a scaffold for new knowledge to build on. Individual interest, which is developed over time during the learnerʼs constant and consistent interaction with a certain activity in a particular environment (Krapp, 1999) , can improve the learnerʼs information storage, enhance understanding, and increase the quality of learning.
Descriptively, comparing the scores from the pretest with those from the posttest revealed that the learners, as a group, did gain additional knowledge in volleyball. A small but positive change was observed in their individual interest as well. Correlationally, however, the knowledge gain and individual interest change were found negatively correlated with prior knowledge and individual interest. The learners with higher prior knowledge and individual interest gained less on both variables than those with lower prior knowledge and individual interest.
It may be speculated that the smaller knowledge gain in learners with higher prior knowledge results from the nature of volleyball and the instruction objectives of the unit. In this introductory unit for beginners, the teachers placed curricular and instructional focus on helping the learners at the acclimation stage. Those learners with higher prior knowledge might not be given enough opportunity to construct their knowledge and skills appropriate to their prior knowledge and individual interest. Also, it is possible that the measurements used in the study led to the results. The knowledge gain was based on pre-and posttest results of a paper-pencil knowledge assessment rather than skill-application assessments that require the learners to actually apply their declarative knowledge in procedural forms.
In this study, learnersʼ physical engagement level was considered as a facilitator of learning. It was hypothesized that learnersʼ prior knowledge and individual interest might associate with their physical engagement level. However, the hypothesized relationships are absent in the data. The weak correlations of steps with prior knowledge and individual interest suggest that learnersʼ physical engagement did not relate to their prior knowledge and interest. The results of the Lagrange multiplier test and Waldʼs test (Kline, 1998) for model modifi cation also suggest that it was not necessary to further examine the relationship in the path model, because of the low path coeffi cient. The fi nding seems to support the notion that the infl uence of prior knowledge and individual interest on learning behavior may not be refl ected in the physical engagement level (Silverman et al., 1998) . A systematic observation study on learnersʼ learning behavior, such as quality and effi ciency of learning practice in the class, is needed for further understanding this issue.
Role of Situational Interest and Learning Strategies
Situational interest, which results from the recognition of appealing features associated with a specifi c learning task (Mitchell, 1993) , can be a signifi cant and viable motivator to facilitate new knowledge learning (Hidi, 2000) . In physical education, situational interest derives from appealing characteristics of learning tasks such as novelty, cognitive/physical challenge, attention demand, opportunities to explore, and instant enjoyment (Chen & Darst, 2001) . A high level of situational interest is considered necessary to lead the learner to a high degree of attention and mental readiness for achievement (Krapp, 1999) and may directly contribute to learnersʼ physical involvement (Shen et al., 2003) .
The moderate correlation between situational interest and the learning strategies suggests that the situational interest related to the application of learning strategies. The path analysis results lent additional support by revealing a direct, signifi cant infl uence of situational interest on the learnersʼ application of learning strategies. It can be suggested that situational interest is associated with the learnersʼ cognitive efforts during the learning process (Alexander et al., 1995) .
Moreover, the path analysis revealed that the association between situational interest and the application of learning strategies was independent of prior individual interest. In other words, after individual interest was controlled (co-varied), there still was a signifi cant impact of situational interest on the application of learning strategies. It can be reasoned that learnersʼ situational interest has an independent role in their cognitive learning. In a highly situationally interesting learning environment, situational interest may override the unmotivational effect of low individual interest during learning, and play an important role in learnersʼ cognitive involvement (Shen et al., 2003) .
As hypothesized in the MDL, when learners progress from the acclimation stage, situational interest can be internalized into individual interest to facilitate long-lasting learning (Alexander et al., 1995) . A highly situationally interesting learning environment is expected to "catch" and "hold" learnersʼ individual interest (Mitchell, 1993) . In this study, the hypothesis was supported by the path analysis. The signifi cant path coeffi cient from situational interest to individual interest change over the course of the unit suggests that situational interest had a strong impact on the enhancement of individual interest. Speculatively, the results show a possibility that situational interest can be internalized into individual interest for acclimated learners.
In physical education, learnersʼ situational interest can directly associate with their physical engagement (Shen et al., 2003) . When learning tasks possess high situational interest, learners are likely to become involved in the activity (Chen & Darst, 2001) . In this study, this assumption was confi rmed with the signifi cant path coeffi cients from situational interest to physical engagement level. It seems that high situational interest did infl uence their physical involvement. The result replicated the fi ndings from a previous study (Shen et al., 2003) .
Appropriate learning strategies enhance learning. Learning strategies can help learners capture and organize information effi ciently and enhance their ability to understand and remember the content (Armbruster, 2000) . It is expected that application of learning strategies is associated with learning outcomes in learning volleyball. However, the data did not provide convincing evidence for this association. A weak path coeffi cient from learning strategies to knowledge gain was found in the model.
We attributed this result to the specifi c learning context in this study. As Solmon and Lee (1996) argued, the role of learning strategy might depend upon the level of diffi culty in the learning task. When the content does not provide optimal challenge, learning strategies may not be applied and used well during learning. As new content for beginning middle school students, the learning tasks in the volleyball unit were considered to be introductory in nature. The learnersʼ ratings on application of strategies refl ected that their use of learning strategies was not at a high level.
Learning Progression
Learning in a particular knowledge domain can be characterized as a progression from an acclimated or naïve stage. According to the MDL, learning progression is dependent on the level of involvement and interrelations of knowledge, individual interest, and learning strategies (Alexander et al., 1995) . Learning progression is characterized by interactive, cohesive change observed in all the variables rather than an isolated one. In other words, positive changes should be manifested in knowledge and individual interest as a result of their dynamic interaction.
In this study, knowledge gain and individual interest change were indicators of learning progression as specifi ed in the MDL theory. The moderate correlation between knowledge gain and individual interest change suggests that studentsʼ knowledge gain and individual interest development indeed occurred simultaneously as described in the MDL. In addition, the changes may serve as evidence of the relevance of the MDL theory in interpreting the learning in physical education as a holistic process infl uenced by prior knowledge, motivation, and learning strategies.
In physical education, learners are expected to be not only cognitively engaged in the learning process, but also physically active, to facilitate knowledge acquisition and to receive health benefi ts of physical activities (NASPE, 2004) . It is diffi cult to fi nd a balanced instruction to provide learners with opportunities to learn useful movement and/or physical activity concepts and principles and to be physically active at a moderate or rigorous intensity level in the short time allocated for physical education in schools (McKenzie & Sallis, 1996) . The very weak path coeffi cient from steps to knowledge gain seems to echo the argument.
Conclusion
This study provides empirical evidence of complex interactions among the cognitive and affective factors in physical education. It is apparent that knowledge, interests, and learning strategies interactively contributed to the learnersʼ knowledge gain and individual interest change. The simultaneous growth of knowledge and individual interest further supports the notion that learning in physical education is a holistic, progressive process (Jewett, Bain, & Ennis, 1995) .
However, although the study yielded useful information, the MDL was only tested within one topic knowledge area, volleyball. As discussed above, some theorized interrelations were absent or unexpectedly weak in the data. The reader must interpret the results with great caution and take into account the uniqueness of the study context. Future studies with different learning areas and participants are needed to further examine the tenability of the MDL theory in physical education.
